Abstract. The program developed by Burgess for spline fitting and interpolating collision strengths can also be used to do isoelectronic fits. Instead of treating Ω(E) or Υ(T) one inputs an arbitrary quantity A(Z) that is a function of nuclear charge number Z. In this way isoelectronic atomic data can be visualised and compacted in an easy manner which allows for accurate interpolation along a sequence. Four illustrative applications are provided.
Introduction
Atomic quantities such as oscillator strengths, spectral line wavelengths, energy levels and ionization potentials depend on the nuclear charge number Z. Methods of plotting such atomic data along isoelectronic sequences have been in use for a long time. For example, this was how Edlén (1942) showed that the mysterious green coronal line originates from a forbidden transition within the ground configuration of Fe XIV. He had the simple but astute idea of plotting essentially the fourth root of the ground term splitting ∆σ as a function of Z. The resulting reduced splittings deduced from laboratory spectra of neutral aluminium and the first eight ions of the sequence lie on a smooth curve. When extended to higher values of Z the curve is seen to coincide with the coronal lines λ5303 and λ3601, assuming they come from Fe XIV and Ni XVI respectively.
Here we show how the program OMEUPS developed by Burgess (see Burgess & Tully 1992) can be used for exhibiting and spline fitting atomic data along an isoelectronic sequence. Instead of inputting the collision strength Ω(E) as a function of the final collision energy E, we input A(Z) where A is the quantity under study and Z is the atomic, or nuclear charge, number. An attractive Send offprint requests to: A. Burgess feature of OMEUPS is that it makes use of interactive graphics. The program transforms A(Z) to a reduced form A r (Z r ) where the reduced charge number Z r varies from zero when Z = Z 0 to unity when Z = ∞. The value assigned to Z 0 determines the range of elements we wish to include. In general we assume Z 0 = N , where N is the number of bound electrons, so that the range includes the neutral atom and all positive ions. A parameter C occurs in the definition of Z r to provide a useful degree of flexibility for modifying the plot. By varying the value of C one alters the way in which the data points are distributed across the figure. In many cases A r (Z r ) tends to a finite limit at Z r = 1 which can be determined. This is often helpful when approximating the data points by a least squares 5 point cubic spline. The program carries out the spline fitting procedure efficiently and rapidly.
We compare our method with Edlén's for a fine structure transition in the aluminium sequence (see Fig. 3 ) and give other examples to show the usefulness and versatility of the present approach.
Preliminary versions of the examples given here were presented at the 5th International Colloquium on Atomic Spectra and Oscillator Strengths for Astrophysical and Laboratory Plasmas which was held at the Observatoire de Paris (Meudon) from 28 to 31 August 1995.
Fitting isoelectronic data
The reduced charge number Z r is defined by
where Z is the atomic number (i.e. nuclear charge in atomic units) for which the range is Z 0 ≤ Z < ∞. Z 0 is usually equal to the number of bound electrons N although on occasions it is more convenient if Z 0 > N as in the second example ( Fig. 2 ) where Z 0 = N + 1. Here we omit the neutral atom case and consequently obtain a much better fit to the positive ion data points. The parameter C is adjusted in order to optimise the spline fit. The plots we use are either of type 2 (A ∼ constant for large Z) or type 3 (A ∼ Z −2 for large Z). The different types of plot are defined and discussed by Burgess & Tully (1992) . 
Type 2 plots
Figure 1 concerns temperatures of maximum abundance T max for fluorine-like ions in conditions of coronal ionization equilibrium. From Arnaud & Rothenflug's (1985) tabulation we obtain estimates of log(T max ) for 10 ions in the sequence. Our spline fit can be used to complete their tabulation for the intermediate ions which they did not consider. Here we input A ≡ log(T max ) and treat it as a type 2 case. The optimised fit has C = 4.4 and rms error 0.38%. Since we only wish to interpolate the data but not extrapolate them, we are not concerned with the high Z limit point. In fact it does not exist since there is a weak (logarithmic) divergence in this case. Figure 2 deals with the ionization energy I of fluorinelike ions. Since I increases like Z 2 as Z tends to ∞, we treat this as type 2 by inputting A ≡ I/(Z −N +1) 2 , with I in cm −1 . The limit point at Z r = 1 corresponding to Z → ∞ is the hydrogenic value R ∞ /4 = 27434, while the optimised fit (rms error 0.16%) is obtained with C = 1.8. Figure 3 shows our way of interpolating the ground term magnetic dipole transition energies for the aluminium sequence. It is instructive to compare this way of plotting the data with that used by Edlén (1942) in his Fig. 1 . We invert the observed spin-orbit splitting ∆σ of the 3s 2 3p 2 P • term, which Edlén (1942) gives in cm −1 in Table 2, and take the square root. This yields a quantity A ≡ (∆σ) −1/2 ∼ Z −2 at high Z. The value of the limit point for this type 3 plot is
Type 3 plots
and is deduced from the well-known expression for the spin-orbit splitting given by Edlén (1964, p. 167) , viz.
where the screening parameter s > 0 is a finite quantity which varies slowly with Z. The optimised spline fit (rms Table 2 . (a) Log(Tmax) from the spline fit shown in Fig. 1 . Tmax is the temperature of maximum coronal abundance for F-like ions. (b) Ionization energy in cm −1 for F-like ions deduced from the spline fit shown in Fig. 2 . The results given here are calculated using data from Table 3 . Transition energy in cm −1 for the fine structure splitting in the ground configuration of aluminium and Al-like ions. (a) Using the spline interpolation data given in Table 1 . (b) Using Edlén's (1964) extrapolation formula
error of 0.05%) is obtained when C = 7.8. Edlén's (1964) extrapolation formula for Z −s as a function of Z is given by the pair of equations (1, 2) . Results obtained using the interpolating spline fit given in Table 1 Ion N 
and b = 1.00306Z − 6.689(Z − 9.7) −1 − 5.3124 .
Only one of the roots of (5) is a physical solution, and its range of validity as a function of Z is limited, since for Z ≥ 85 the screening parameter s becomes negative. Figure 4 shows the compacting and interpolation of Blaha's (1969) distorted wave results for three fine structure collision strengths at threshold energy in the carbon sequence. The transitions are between the lowest three levels. Blaha gives results for neutral carbon and 7 ions in the sequence. Here we take Z 0 = N + 1 = 7 and input A ≡ Ω which decreases like Z −2 as Z → ∞. The high Z limits for Z 2 Ω are from Saraph et al. (1969) .
Spline fitting parameters
The five knot values P 1 , P 2 , P 3 , P 4 , P 5 and C parameter for each of the spline curves shown in Figs. 1 to 4 are given in Table 1 . By means of the program FUNCTION SPLINE (P 1 , P 2 , P 3 , P 4 , P 5 , X), (see Burgess & Tully's 1992 Appendix) , it is possible to interpolate the reduced data points shown in the figures. Notice that X ≡ Z r and by using the definition of Z r in terms of Z, Z 0 and C, and knowing the type of plot one can obtain A(Z).
The interpolated results given in Tables 2, 3 and 4 are calculated using data in Table 1 and the spline program from Burgess & Tully (1992) .
